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LETTERS TO THE EDITOR. 

[The Editor does not hold himself responsible for opinions 

expressed by his correspondents. Neither can he undertake 

to return, or to correspond with the writers of, rejected 

manuscripts intended for this or any other part of Nature. 

No notice is taken of anonymous communications.] 

Morphological Method and the Ancestry of Vertebrates. 

There has just reached me the Proceedings of the 
Ifinnean Society for October, containing the report of an 
interesting discussion upon the “ Origin of Vertebrates ” 
which took place at meetings of the society in January 
and February of this year. Apart altogether from state¬ 
ments as to matters of fact which seem to be open to 
challenge, this discussion appears to me to raise points 
in regard to the methods employed by the morphologist 
which are of practical importance to those interested in 
the science of morphology. 

The remarks made by Dr. Gaskell and his supporters 
make it apparent that there exist wide differences between 
what they accept as the correct principles of morpho¬ 
logical research and those which are accepted by other 
working morphologists. Personally, I have been de¬ 
voting myself for some time past to researches dealing 
with the evolution of vertebrate structure, and my 
impression is that there can be no wider gulf than that 
existing between the working principles apparently adopted 
by Dr. Gaskell and those adopted by myself and many 
other morphologists. If the principles of morphological 
speculation employed by Dr. Gaskell are sound, it seems 
to follow that those held by the majority of morphologists 
are absurd, and that the work based upon them represents 
in great part wasted labour. I will endeavour to throw 
into relief some of these radical differences of opinion 
as to general principles which appear to separate many 
of us from Dr. Gaskell and his friends. I feel all the 
more impelled to do so when I read the words of a dis¬ 
tinguished physiologist who took part in the discussion :— 
“ I am convinced that the principles on which he [Dr. 
Gaskell] has proceeded are the only ones which will lead 
to a solution of the problem.” I fully realise that there 
are physiologists who would feel it rash to express them¬ 
selves so decidedly as to what are, or what are not, the 
correct principles upon which to work in a science other 
than their own. Nevertheless, it seems quite clear that 
Dr. Gaskell’s views—though they may not appeal to 
many who are specialists in vertebrate morphology—do 
produce a strong impression on many workers in other 
departments of biological science. 

What are the principles which must be followed in 
speculations regarding phylogeny if these speculations are 
to be trustworthy? It is clear, in the first place, that 
whenever possible such speculations should rest upon a 
tripcd basis of comparative anatomy, embryology, and 
palaeontology. It is clear, further, that in fashioning 
each foot of the tripod certain definite rules must be 
adhered to if the foot is to be sound and sufficient to 
support the weight which is to rest upon it. For example, 
in making use of the data of palaeontology, we have to 
bear in mind, firstly, that the geological record, and still 
more our knowledge of that record, is and must always 
be of the most fragmentary character, and, secondly, that 
in all phylogenetic speculation it is unsafe to trust to 
data dealing only with one single set of organs, whether 
these be the skeletal organs—alone, as a rule, available 
to the palaeontologist—or any other system of organs. In 
the case of comparative anatomy and embryology we must 
bear in mind that a feature has a prima facie greater 
importance or not according as to whether or not it occurs 
in a more or less “ primitive ” group. Then, again, in 
both comparative anatomy and embryology it is necessary 
to devote great care and attention to the sifting out of 
features which are mere adaptations to modern environ¬ 
mental conditions from those which are ancestral. Finally, 
it has to be borne in mind that in comparative anatomy 
we are beset by the same kind of difficulty as that of the 
protozoologist when he tries to piece together isolated 
observations on dead material into a connected life- 
history, while in embryology, on the other hand, the facts, 
such as they are, appear to be presented to us all ready 
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arranged in their phylogenetic sequence. These general 
principles apply to all phylogenetic speculations, and 
morphologists are probably all in agreement regarding 
them. 

Now as regards the phylogeny of the Vertebrata. 
When a student under Sedgwick at Cambridge I began to 
realise that perhaps the most clamant need in vertebrate 
morphology was for a broadening of its observational 
basis, particularly in regard to the embryology of the 
more primitive forms of vertebrates. There seemed 
general agreement that the elasmobranchs, crossoptery- 
gians, lung-fishes, and urodele amphibians were all 
“ primitive ” groups as compared, e.g., with teleostean 
fishes, reptiles, birds, and mammals. It seemed clearly 
indicated that if we were to have the general ideas of 
vertebrate embryology upon a trustworthy basis it was 
essential that the development of the crossopterygian 
ganoids and lung-fishes should be worked out to a similar 
degree of detail to what had been accomplished in the 
case of the other groups. My own research work during 
the last fourteen years has been directed according to 
this ideal, and has been devoted to the study of the 
morphology of the four relatively primitive groups men¬ 
tioned above, together with, of course, the cyclostomes. 
As I fail to see how there can be any other scientific 
method of approaching the problem of vertebrate phylogeny 
than that which starts from a comprehensive study of 
such surviving forms as are admitted to be the more 
primitive, I may be excused for venturing to offer these 
remarks regarding the discussion at the Linnean Society. 

One of the points raised in the discussion is the very 
important one, upon which I have elsewhere expressed 
opinions—the relations of physiology and morphology. 
No one has, I dare say, a greater horror than I have of 
that type of zoologist sometimes referred to as the 
“ mere ” morphologist—the zoologist who fails to keep 
before him at every moment of his work that he is deal¬ 
ing with living functional organisms, who fails to realise 
that at every stage of its evolution an organ must, in the 
first place, be able to function. I have at various times 
criticised evolutionary speculations, e.g. on the evolution 
of renal organs, or of the vertebrate limbs, or on the 
inadequacy of natural selection, because they seemed to 
ignore important physiological or functional considerations. 
While taking the greatest care to keep physiological con¬ 
siderations before us, we must, however, not forget that 
the facts upon which the evolution theory is based are 
morphological facts. We know nothing as yet of “ re¬ 
capitulation ” in physiology; we have in the rocks no 
record of physiological change; even the science of com¬ 
parative physiology is still in its infancy. The whole 
record of evolution is and must necessarily be mainly, if 
not entirely, a morphological record. 

Another principle which is of much importance in 
morphological work is this : tne greatest care must be 
taken to make the observational basis of speculation as 
broad as possible. The fewer the organs or the organisms 
that are made use of the less trustworthy are the con¬ 
clusions drawn. E.g. a detailed study of the radiate eye 
of an insect and of a stalk-eyed crustacean brings to light 
the most striking resemblances, so much so that if we 
only knew one genus of each group and only the eye 
structure in that genus we should be inclined to suppose 
the two genera to be closety allied. I need not say that 
a study of the general morphology of the Antennata on 
the one hand and the Crustacea on the other indicates 
that they have been evolved separately from a simple 
ancestral form which existed probably long before the 
radiate eye had become evolved. The same kind of prin¬ 
ciple holds in regard to organisms. The detailed study 
of the structure of two animals may bring to light the 
most astounding resemblances in details of structure,^ and 
it may, nevertheless, be the height of rashness to attribute 
the resemblance to genetic affinity unless there exists 
collateral evidence which supports the view. Yet Dr. 
Gaskell says, “ my object throughout has been by the 
study of Ammoccetes to find out a clue to the past history 
of these extraordinary early forms of fish.” Is the 
ordinary zoologist like myself completely in error when 
he thinks that for “ Ammoccetes ” there should have been 
written the words “ cyclostomes, crossopterygians, elasmo¬ 
branchs, lung-fishes, and amphibians ” in formulating 
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Dr. Gaskell’s programme of work at this immense problem 
of the ancestry of vertebrates? 

Personally, were I concentrating in this way on the 
study of Ammocoetes, I should be constantly oppressed 
by an uneasy feeling of absolute uncertainty as to the 
extent to which the cyclostomes are primitive in their 
structure and to which specialised for their extra¬ 
ordinary habits, unique amongst vertebrates. Certainly 
we should expect a priori that vertebrates that took to 
such a mode of life would tend to become extremely 
specialised. We do not even know for certain whether 
they are derived from jaw-possessing ancestors, though 
we cannot help suspecting that a vertebrate taking 
to the cyclostome mode of life would tend to lose its 
hinged jaw and become, therefore, cyclostomatous. 

Another cherished principle of morphological research 
receives a rude jar in Dr. Gaskell’s sentence, “ to me 
and to all my friends who are accustomed to deal with 
the vertebrate nervous system the explanation I have given 
is so self-evident and natural that it is impossible to look 
at the matter in any other way.” Are myself and other 
teachers of morphology talking nonsense when we urge 
upon those commencing research work that the frame 
of mind which they must endeavour to avoid at all cost, if 
their work is to be of value, is that in which they come 
to regard their working hypothesis as “ so self-evident 
and natural that it is impossible to look at the matter 
in any other way ”? 

An important principle is that enunciated by Dr. 
Gaskell when Tie says that “ each higher group of animals 
has arisen in succession from the highest race developed 
up to that time, by highest meaning the group possessing 
the best developed central nervous system.” Apart from 
the trivial point that many would differ from Dr. Gaskell 
in their estimate of the trustworthiness of the palaeonto¬ 
logical statements by which this principle is illustrated, 
the principle itself seems to many a somewhat doubtful 
one. I take it by “ high development ” we mean, roughly, 
“complexity of organisation.” Now organisation 'is 
upon the whole adaptive to functional activity. A highlv 
organised animal is, as a rule, one the details of the 
structure of which are highly specialised in relation to 
environmental conditions. Such adaptive specialisation of 
the various organs renders their possessor peculiarly liable 
to suffer from changes in environmental conditions. It 
seems probable that changes of environmental conditions 
form one of the chief factors in compelling evolutionary 
change. It is at such periods that natural selection is 
most accentuated : the adaptable survive, the unadaptable 
are exterminated. It appears quite credible that when 
important geological or other environmental changes come 
about it is those forms the organisation of which shows 
the most complete linking up to the preceding set of 
conditions which are exterminated, in other words, that it 
is not the highest existing forms which proceed to evolve 
into a state of adaptation to the new set of conditions. 

Apart from general principles, there are many important 
statements as to fact which seem to me to call for com¬ 
ment. Amongst these, for example, I read that “ the 
evidence of the rocks points to the Silurian age as the 
time when the vertebrate first arose.” To me it is simply 
incomprehensible how any biologist can really believe that 
the scales and teeth, comparable in complexity with those 
of-existing fishes, occurring in Silurian formations, can be 
taken as having any bearing whatever upon the question 
of the first appearance of vertebrates. There are indeed, 
I think, many who feel compelled to admit that the 
period of evolutionary time intervening between the first 
appearance of the simplest chordates and the appearance 
of these Silurian fishes may well have been as great or 
greater than that which has intervened between the 
Silurian times and the present day. 

Dr. Gaskell refers to zoologists “ accepting as a 
commonplace the manufacture of a new organ for breath¬ 
ing air instead of water in the transition from the fish 
to the amphibian.” He also says that the evidence seems 
to him stronger that the vertebrate alimentary canal has 
been formed from a pre-existing respiratory chamber 
“ than that an alimentary canal should have taken on a 
respiratory function in its anterior end.” I would only 
remark that anyone who studies the evolution of the adult 
vertebrate from the embryo can see for himself, as a 
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matter of fact, that the anterior end of the alimentary 
canal does develop a set of gill clefts, i.e. a mechanism 
which in fishes is respiratory. Further, the only morpho¬ 
logist who has had the opportunity of studying the develop¬ 
ment of the lung in the lowest lung-bearing vertebrates 
asserts that the homology of the lung or swim-bladder of 
fishes with the lung of the higher vertebrates appears to 
him to be beyond question, and he takes the view that 
the lung, instead of developing “ in the transition from 
fish to amphibian,” was in all probability already present 
in the ancient common ancestral form from which teleo- 
stomatous fish, lung-fish, and all the higher vertebrates 
have been derived. 

Dr. Gaskell refers to the old idea that the infundibulum 
of the vertebrate brain represents the oesophagus of the 
invertebrate, and that the suprainfundibular part of the 
brain represents the supraoesophageal ganglia. Such an 
idea would only be of value as a scientific hypothesis if 
based upon the facts of the earlier stages of brain develop¬ 
ment in the more primitive groups of vertebrates. I have 
personally studied the development of the brain in elasmo- 
branchs, crossopterygians (Polypterus), actinopterygian 
ganoids (Amia, Lepidosteus), lung-fishes (Ceratodus, 
Lepidosiren, Protopterus), and urodele amphibians. The 
phenomena seen in these forms do suggest certain con¬ 
clusions as to the general morphology of the vertebrate 
brain, as that the hemispheres are primitively paired or 
that the primary subdivision of the brain is into two 
rather than into three parts (“ vesicles ”). They do not 
suggest, however, any such view as that referred to. On 
the contrary, they appear to me to indicate that the part 
of the central nervous system which in the annelid or 
arthropod has become the supraoesophageal ganglia has 
in the vertebrates completely disappeared. 

Dr. Gaskell refers to those views which “ turn the 
animal topsy turvy, making the back of the invertebrate 
correspond to the ventral surface of the vertebrate.” As 
a matter of fact, the only two stages of vertebrate ancestry 
which may be regarded as established with a fair degree 
of probability are:—(i) a protozoan stage recapitulated 
in the unicellular zygote, and (2) a ccelenterate stage re¬ 
peated in the diploblastic stage of Amphioxus and in the 
corresponding stages of lampreys, elasmobranchs, crosso- 
pterygians ; lung-fishes, and amphibians. We know, of 
course, nothing of the details of structure of the diplo¬ 
blastic ancestor, but it has been suggested by Sedgwick 
and others that these ancestral forms passed through a 
stage resembling in its general features the existing 
actinozoan. This idea, which in my opinion is still a 
perfectly reasonable working hypothesis, affords an 
adequate explanation of developmental phenomena other¬ 
wise extraordinary and ununderstandable, such as the 
occasional occurrence of a mid-dorsal slit dividing the 
central nervous rudiment and notochord into lateral 
halves. It would clearly be unfair to state that such a 
view is “ doomed to failure ” because it makes the back 
of an invertebrate correspond to the ventral surface of 
a vertebrate. The view does not assume the reversal of 
the body. It merely refers back vertebrates and coelomate 
invertebrates to a common ancestor in which there was 
no ventral or dorsal surface—a form in which there was 
a certain amount of concentration of the nervous system 
in the region round the primitive mouth or protostoma— 
and suggests that in certain of the descendents of this 
ancestral form the normal position of the body is with 
the neural surface beneath or ventral (annelids, arthro¬ 
pods, molluscs), while in others (vertebrates) it is such 
that the neural surface is uppermost or dorsal. 

A strong point about this view is that it suggests a 
possible origin of the segmented character of the meso¬ 
derm of the vertebrates. It is generally agreed that the 
mesoderm is of enterocoelic nature, and it was emphasised 
long ago by Sedgwick that just such a segmentation of 
enterocoelic pouches is already present within the phylum 
Coelenterata in the Actinozoa. 

Prof. Starling in the discussion said :—“ To an onlooker 
like myself the striking resemblance between the earliest 
fishes and the Arthropoda ... is striking evidence in 
favour of GaskelTs theory.” Morphologists, unfortu¬ 
nately, have as yet no knowledge of the earliest fishes. 
They are acauainted only with certain dermal skeletal 
structures and a few impressions which give a vague 
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notion of the general form of certain Silurian “ fish-like ” 
forms. Assuming, however, that it is the case that to 
the onlooker there is a striking resemblance between the 
earliest fishes and the Arthropoda, it is necessary to point 
out that striking resemblance in superficial characters 
provides a type of pitfall which the morphologist has at 
an early stage in his education to school himself to avoid. 
He comes across cases of amazing resemblance, e.g. in 
pairs of “ mimetic ” butterflies, between a marsupial and 
a placental mammal, between the organ of vision of one 
of the higher insects and that of one of the higher 
Crustacea, between the skeleton of a flagellate and that 
of a radiolarian, and he learns to recognise that super¬ 
ficial resemblance may, and frequently does, provide a 
cloak for fundamental unlikeness. It is, in fact, one of 
the main parts of his business as a morphologist to find 
out whether in each particular case the striking resem¬ 
blance so apparent to the onlooker is an expression of 
resemblance in fundamental points of structure or whether, 
on the other hand, it is merely superficial. 

I think I have now said enough to make apparent how 
greatly some of us who devote ourselves to the problem 
of vertebrate phytogeny differ from Dr. Gaskell and those 
with him in what we regard as the necessary principles 
in accord with which morphological work must be done. 
As regards Dr. Gaskell*s main thesis, that vertebrates are 
descended from arthropods, we take the position that what 
is known of the morphology of vertebrates in general, and 
of arthropods in general, does not justify the regarding 
of that view as a reasonable working hypothesis. Were 
Dr. Gaskell to increase by several fold his mass of de¬ 
tailed anatomical resemblances between an undoubted 
arthropod and an undoubted vertebrate, we should feel 
ourselves confronted, not by a demonstration of near 
genetic affinity, but rather by a fascinating puzzle in the 
way of convergent evolution. It would take up too much 
space, and perhaps serve little purpose, to indicate the 
general considerations, the cumulative effect of which is to 
force zoologists into the position I have indicated. I may, 
however, just indicate one feature, the character of the 
skeleton, which, as it happens, is a highly characteristic 
feature alike in the arthropods and in the vertebrates. 
In the Arthropoda we find one of the finest evolutionary 
inventions existing in the animal kingdom—a supporting 
skeleton formed out of waste products of metabolism, and 
so spread over the surface of their body as to form an 
armour effectively protecting the delicate living tissues of 
the body from the most varied kinds of dangers. That a 
group of free-living arthropods should have given up this 
magnificent protective device is not, of course, incredible, 
but before'being accepted as probable it would have to 
be supported by an overwhelming mass of evidence. 

What evidence do we, in fact, find as to the nature of 
the skeleton of the primitive vertebrate? We find in the 
vertebrate that the skeleton in the earliest stages of its 
development consists of a cellular rod cut off from the 
dorsal wall of the gut and running longitudinally along 
the median plane of the body. This rod, the notochord, 
which still persists as the main axial skeleton in the 
adults of some of the lowest vertebrates, occurs during 
embryonic development, not merely in a few vertebrate 
forms, but in every lower vertebrate the embryology of 
which has so far been investigated. There is not a single 
exception. Could evidence be more overwhelming that the 
ancestral vertebrate was a creature with a skeleton in the 
form, not of a hypertrophied cuticle, but of a cellular 
notochordal rod formed from the wall of the gut? Dr. 
Starling would object that “ no palaeontological evidence 
seems to'be brought forward in favour of this hypothesis.” 
The answer is a perfectly simple one. Palaeontology can 
from the nature of the case offer us hardly any evidence 
whatever in regard to structures composed of soft, perish¬ 
able organic material. By far the greater part of the 
tissues and organs with which the morphologist deals are 
composed of such soft, perishable materials, and all these 
structures, upon the cumulative evidence of which (taken 
in conjunction with the much smaller amount of evidence 
obtained from the skeleton) he bases his conclusions, are 
almost entirely absent from the geological record. I 
might go farther and point out that a highly developed, 
highly rigid skeleton is in itself a product of long-con¬ 
tinued evolutionary change. Each animal possessing such 
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a skeleton is the descendent of a long line of soft proto¬ 
plasmic forms in which the skeleton had not yet become 
evolved, and these ancestral forms have, so far as 
palaeontology is concerned, vanished for ever from our 
ken. It is upon the study of the comparative anatomy 
and embryology of existing forms alone that we have to 
depend when we endeavour to form a picture of what 
these ancestral forms were like. 

The foregoing paragraphs are not meant as a criticism 
of Dr. Gaskell’s hypothesis. They are merely meant to 
direct attention to an extraordinary want of agreement 
as to methods or principles of morphological research. 
It is clear that work in any department of science must 
he done according to some definite set of principles if it 
is to be of any appreciable value. In morphology, as in 
other sciences, there are certain generally accepted prin¬ 
ciples. It seems to me not unreasonable to ask that 
workers who take up morphological research should either 
accept these general principles and be guided by them, or, 
if they find themselves driven to formulate a new and 
better set of principles, that they should at least state 
these clearly and give their fellow-workers the opportunity 
of judging in what respects they are better and more 
trustworthy than those in ordinary use. Unless this is 
done there is apt to be caused an irritating waste of time 
and energy. There is, further, the danger that important 
work may be rejected without adequate examination, not 
because of its inferior quality, but simply because of the 
difficulty in the way of discovering common factors 
between it and work on the more ordinary and orthodox 
lines. J. Graham Kerr. 

The University, Glasgow. 


Mendelian Expectations. 

Mr. Lewis Bonhote has confirmed Mr. R. Staples 
Browne’s statement that the web-foot in pigeons is a 
simple Mendelian recessive, but he finds that when webbed 
birds from two different strains are crossed an irregular 
result is obtained, viz. four normal and one webbed. 
Moreover, mating the first crosses yielded results in almost 
every case contrary to Mendelian expectations, normals 
throwing webs and webs throwing normals (Nature, 
December i, p. 160). Similar results have been obtained 
with West Highland terriers, in which white is apparently 
recessive to yellow. The offspring of pure-bred white 
terriers belonging to the same strain are white, but the 
offspring of pure-bred white terriers from different strains 
are sometimes yellow. Further, a hybrid (yellow) which 
produced more than 50 per cent, of white pups to a white 
dog of her own (Inverness) strain produced only yellow 
pups to a white dog of a different (Poltalloch) strain. 

The explanation of these “ irregular ” results seems to 
be that the normal toes, presumably latent in webbed 
pigeons, and the yellow coat, presumably latent in white 
terriers, are restored when two strains having a somewhat 
different history are interbred, i.e. mingling the blood of 
two strains induces reversion. Because “ points ” are lost 
when two strains are crossed, many breeders are extremely 
reluctant to introduce new blood even when their stock 
is obviously deteriorating from in-and-in breeding. 
Recently a very successful breeder assured the writer that 
nothing in the world would induce him to use the blood 
of another strain to improve his white Highland terriers, 
and it is notorious that breeders of sheep and cattle have 
once and again allowed their flocks and herds to lapse 
owing to their reluctance to infuse fresh blood from other 
strains. Further, Von Oettingen has pointed out that, in 
the case of the English racehorse, the more remotely 
related the parents the less chance there is of the offspring 
winning races. 

If crossing two strains is liable to lead to reversion, we 
can understand why in some hands breeding is such a 
lottery, why, e.g., the offspring of two record racers or 
trotters are sometimes complete failures. The English 
thoroughbred breed is made up of several distinct types, 
each of which is now and again represented by a Derby 
winner. When two fleet but not too closely related 
members of the same type are mated, the result may 
prove highly satisfactory, but when the sire belongs, to 
one type and the dam to another, and when, in addition. 
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